Ten different Japanese wheat flours with protein contents ranging between 9.86 and 11.5% were treated with gaseous acetic acid, then used for breadmaking. Gaseous acetic acid treatment at a concentration of 0.5-1.5 ml acetic acid per kg of the flour improved breadmaking properties of bread height and specific volume. It is known that the level of these breadmaking properties is related to the protein content of the wheat flour. The slight acetic acid flavor in the breadcrumbs was masked by adding butter flavor or butter to the bread dough.
It is generally known that Japanese wheat flour has a low protein content, causing poor breadmaking properties of bread height and specific volume. Therefore, Japanese chemists have sought new cultivars with good breadmaking properties. However, a desirable wheat for bread has not yet been obtained in Japan. Gaseous acetic acid treatment of wheat flour was reported by Seguchi et al. (1997) to improve breadmaking properties. They reported that maximal breadmaking quality was obtained with 2-3 ml of gaseous acetic acid/kg wheat flour, and that the improvements were due to increased water binding capacity, viscosity of the tailings fraction in the flour, and activation of the physiological properties of baker's yeast resulting in increased generation of carbon dioxide gas. The level of gaseous acetic acid treatment of wheat flour reportedly varied and was related to protein content in the flour (Hayashi & Seguchi, 1999) . The flour containing less protein required less gaseous acetic acid treatment for maximal breadmaking properties (Hayashi & Seguchi, 1999) . The odd acetic acid flavor in the breadcrumbs could thus be avoided using a flour with a lower protein content in the treatment. To improve the poor breadmaking properties of low protein Japanese wheat flour, this gaseous acetic acid treatment may be a suitable method. In this paper, ten different Japanese wheat flours were subjected to gaseous acetic acid treatment, then used for breadmaking. Sensory tests on the acetic acid flavor in the breadcrumbs were also examined.
Materials and Methods
Wheat flour Ten different Japanese wheat flours commercially milled from Japanese wheats were used in this experiment: U-M, H-M (Yokohama Flour Milling Co., LTD., Sapporo), NS-50, Hokushin (Fuji Flour Milling Co., LTD., Shimizu), Chihoku, Horoshiri, Haruyutaka (Ebetsu Flour Milling Co., LTD., Ebetsu), Kitakami, Nanbujigona (Fugane Flour Milling Co., LTD., Iwate), and Miekensankomugi (Shinyo Flour Milling Co., LTD., RYokkaichi). Three different wheat flours, Number One and Super King (Nisshin Flour Milling Co., LTD., Kobe), and Takara (Fuji Flour Milling Co., LTD.,) were made from imported wheat, Dark Northern Spring (D.N.S.) and No.1 C.W. Red Spring (1 C.W.), and were referred to as foreign wheat flours in this experiment. Protein conversion was Nϫ5.7. Ash was determined by the AACC method (08-01, 1995) on a dry basis.
Gaseous acetic acid treatment of wheat flour Wheat flour was treated with gaseous acetic acid at room temperature. The flour (1.0 kg) was packed into a column (7 cm dia.: 41 cm height) and set as reported previously (Seguchi et al., 1997) . Compressed air was introduced into the flour through the bottom of the column at 1.0 l/min. Variable volumes (0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0 ml) of 99.7% acetic acid solution were introduced to a sample bottle, which was connected by tubes between the compressor and column. Gaseous acetic acid in the compressed air was introduced into the wheat flour overnight. The pH of the flour and breadcrumbs was determined by the AACC method 1995) .
Baking method (Seguchi et al., 1997) Baking absorption of each flour was determined in a farinograph with 300 g of flour (AACC method 54-21, 1995) . Wheat flour (100%), compressed yeast (2.9%), sugar (5.0%), salt (1.0%), and water (estimated from farinograph at 500 BU) were mixed in a computer-controlled National Automatic Bread Maker (SD-BT6, Matsushita Electric Ind. Co., Ltd., Osaka) with the first proof for 2 h 20 min at 30˚C. Fifteen minutes was used for the first mixing, 50 min of rest, 5 min for the second mixing, and 70 min of fermentation. The dough was divided into 120-g pieces, rounded, molded, and placed in baking pans (AACC method 10-10A, 1995). The dough was proofed for 22 min at 38˚C and baked at 210˚C for 30 min in a model DN-63 oven (Yamato Scientific Co., Ltd., Tokyo). After baking, the bread was removed from the pan and cooled for 1 h at room temperature of 26˚C and relative humidity of 43%. Bread height (mm), weight (g), and volume (cm 3 ) were measured, and the crumb grains were evaluated visually. The pH was measured in a HORIBA pH .
Sensory test on acetic acid flavor of breadcrumbs Bread that was made with gaseous acetic acid treated NS-50 wheat flour (1.5 ml/kg) was cut to a size of 2.0ϫ2.0ϫ2.0 cm 3 , and was subjected to sensory test by panelists (nϭ24). Bread was also baked with the same wheat flour containing 0.2% butter flavor WG-41411 (Nagaoka Koryo Co., LTD., Osaka), or 4.0% butter. Panelists were asked whether acetic acid odor, flavor and taste E-mail: seguchi@suma.kobe-wu.ac.jp were noticeable in the breadcrumbs.
Determination of acetic acid in bread crumb by HPLC Bread was baked with gaseous acetic acid treated NS-50 wheat flour (1.5 ml/kg), and 26.42 g of the breadcrumbs was homogenized in 106 ml water; the supernatant fraction was obtained by centrifugation at 3000 rpm for 10 min, and the supernatant was subjected to HPLC at 475 nm. A liquid chromatograph (SPD-10A, Shimadzu Co., LTD) was connected to the column (Shim-pack SCR-101H) and guard column (SCR (H)), and equilibrated with perchloric acid (pH 2.6) at 60˚C. The reaction solution was 15 mM di-sodium hydrogen phosphate containing 0.013% bromothymol blue (BTB). Flow speed was 1.0 ml/min.
Statistical analysis A statistical software package (SPSS Inc., Chicago, IL.) was used. Experiments were repeated four times and the results averaged. Analysis produced significant F values by analysis of variance, followed by Duncan's multiple range test for comparison of means.
Results and Discussion
Protein and ash contents in Japanese wheat flour Protein and ash contents were determined in ten Japanese wheat flours and three foreign wheat flours (Table 1) . Protein contents of the Japanese flours varied from 9.86% (U-M) to 11.5% (Haruyutaka), and ash from 0.36% (Horoshiri) to 0.53% (NS-50 and Kitakami). In comparison with foreign wheat flours of Number One, Super King, and Takara which were milled from Dark Northern Spring (D.N.S.) and No.1 C.W. Red Spring (1 C.W.) wheats, it is generally known that Japanese wheat flour contains a lower protein content and poorer quality of gluten. Therefore, the breadmaking properties are inferior to those of foreign wheat flours.
Baking absorption and pH value of acetic acid treated Japanese wheat flour Japanese wheat flours were treated with various amount of gaseous acetic acid, ranging from 0.0 to 4.0 ml acetic acid/kg of wheat flour. The treated flour was examined by Brabender farinograph absorption test (Table 2) . As reported previously (Hayashi & Seguchi, 1999) , the tendency toward change in the flour absorption following the acetic acid treatment was not remarkable; some wheat flour showed increased or decreased baking absorption with increases in the level of acetic acid treatment, while others did not change with increased treatment. All wheat flour showed decreases in pH value with increases in acetic acid treatment. Foreign wheat flours showed higher baking absorption (%): Number One, Super King, and Takara were 69.6, 65.4, and 62.9%, respectively.
Results of breadmaking performance Bread was made with Japanese wheat flours, and the results of bread height, specific volume and crumb pH are shown in Table 3 . All Japanese wheat flours showed improvement in breadmaking properties following gaseous acetic acid treatment. In particular, bread height and specific volume (cm 3 /g) were the same as those achieved with foreign wheat flours (Hayashi & Seguchi, 1999) . All wheat flours showed maximal values for bread height and specific volume (cm 3 /g) at each level of gaseous acetic acid treatment, and above the maximum level these factors were decreased. The indicated pH values in maximal breadmaking properties were around 4.9. The values of maximum bread height and specific volume were higher than those of foreign wheat flours ( Table 4 ), indicating that the acetic acid treatment is effective in improving the baking properties of Japanese wheat flours. Figure  1 shows the appearance of a section of bread baked with NS-50, Horoshiri, Nanbujigona, and Hokushin wheat flour, which all caused remarkable improvement in breadmaking properties after the gaseous acetic acid treatment. However, the appearance of the bread was not good, that is, the top was rather distorted in shape, and the color of the crumbs was not whitish but pale, peculiar to breads baked with Japanese wheat flour. The distorted shape was somewhat improved when 4.0% butter was added, however (Fig. 1) . The breadmaking properties were also improved by the addition of 4.0% butter, bread height was 103.3 Values represent means of four replicates and standard deviation in parenthesis. Means followed by the same letters in columns are not significantly different at pϭ0.05
according to Duncan's multiple range test.
mm and SV was 4.30 (cm 3 /g). The relationship between the level of gaseous acetic acid necessary to produce a bread of maximal quality and the protein content in each flour was statistically analyzed. Hayashi and Seguchi (1999) reported that the level of this treatment maximizing breadmaking properties is related to the protein content in foreign wheat flours, and flour with less protein required lower levels of the treatment for such maximization. Maximal baking results obtained by gaseous acetic acid in twenty-one Japanese and foreign wheat flours (Hayashi & Seguchi, 1999) and the protein contents in these flours were statistically analyzed, as shown in Fig. 2 . The correlation coefficient (rϭ0.8077) suggests a relationship between the two factors. Wheat flours treated with a higher level of acetic acid produced an odd acetic acid flavor in the bread. However, a lower level of this treatment of the flour containing less protein prevented almost all of this flavor. The protein content in Japanese wheat flour is lower, and maximal improvement by gaseous acetic acid was achieved at a lower level of treatment. Therefore, the odd flavor in the bread was prevented.
Sensory tests of breads baked with gaseous acetic acid treated wheat flour Breads baked with gaseous acetic acid (Hayashi & Seguchi, 1999) , and level of gaseous acetic acid (ml/kg wheat flour) required to achieve maximal specific volumes. Fig. 3 . Results of sensory test for acetic acid flavor in breadcrumbs made with control wheat flour (1), acetic acid-treated wheat flour (2), acetic acidtreated wheat flour containing 0.2% butter flavor (3), and acetic acid-treated wheat flour containing 4.0% butter (4). nϭ24. Fig. 4 . Results of sensory test for acetic acid taste in breadcrumbs which were made with control wheat flour (1), acetic acid treated wheat flour (2), acetic acid treated wheat flour containing 0.2% butter flavor (3), and acetic acid-treated wheat flour containing 4.0% butter (4). nϭ24. treated wheat flour were subjected to sensory tests in mouthfeel by panelists ( n ϭ 24). These tests were performed for acetic acid flavor and taste. Four kinds of breads baked with control wheat flour (1), gaseous acetic acid treated wheat flour (1.5 ml/kg) (2), and acetic acid treated wheat flour containing butter flavor (3) or butter (4) were tested. Results are shown in Figs. 3 and 4 . In bread baked with acetic acid treated wheat flour, 20 panelists (83%) noticed a strong acetic acid flavor (Fig. 3) . However, when butter flavor or butter was added, this flavor was completely masked (Fig. 3) . In the same bread, acetic acid taste in mouthfeel was noticed by 20 panelists (83%), however, when butter flavor or butter was added, only 5 (21%) and 2 panelists (8%) noticed the acetic acid taste, respectively (Fig. 4) . From these results, it was concluded that the residual odd acetic acid flavor and taste were eliminated when butter flavor or butter was added to the bread dough. The effect of butter on the disappearance of the odd acetic acid flavor was particularly marked.
Determination of the amount of acetic acid in bread The amount of acetic acid in breadcrumbs was determined by HPLC. As indicated in Table 5 , the amount from breadcrumbs baked with control wheat flour, acetic acid treated wheat flour (1.5 ml/ kg), and the acetic acid treated wheat flour containing butter was 188, 755, and 694 ppm, respectively. A slight decrease of acetic acid was observed with the addition of butter. However, the sensory test described above showed that almost no acetic acid was noticed in breadcrumbs by the addition of butter flavor or butter, indicating that this acid in the sensory test was masked by their addition.
Conclusions
The breadmaking properties of Japanese wheat flour showed improvement in bread height and specific volume (cm 3 /g) with gaseous acetic acid treatment, and the maximal level for these properties was related to the protein content of the flour (rϭ0.8077). Slight residual acetic acid flavor in the improved bread made with gaseous acetic acid-treated flour was masked by the addition of butter flavor or butter.
